ABSTRACT qnrE1, found in a clinical Klebsiella pneumoniae isolate, was undetectable by PCR assays used for the six qnr families. qnrE1 was located on a conjugative plasmid (ca. 185 kb) and differed from qnrB alleles by 25%. Phylogenetic reconstructions of qnr genes and proteins and analysis of the qnrE1 surroundings showed that this gene belongs to a new qnr family and was likely mobilized by ISEcp1 from the chromosome of Enterobacter spp. to plasmids of K. pneumoniae.
results indicated that K. pneumoniae Q1130 harbored a quinolone resistance mechanism encoded in a conjugative plasmid, which was named pKp1130.
The qnrVC genes had not been reported in clinical enterobacteria (2-4); therefore, they were the unique PMQR genes that were not previously analyzed in K. pneumoniae Q1130 (5) . We confirmed this presumption by testing the presence of qnrVC genes in this clinical isolate and its transconjugant: the PCR assays used (see Table S1 in the supplemental material) rendered negative results in both cases.
Identification of a new qnr gene in pKp1130. pKp1130 was extracted from E. coli TC1130 with the Qiagen large-construct kit (Qiagen, Hilden, Germany) and sequenced using the MiSeq sequencer (Illumina, San Diego, CA) and CLC Genomics Workbench software v.5.5.1 (CLC bio, Qiagen) for read assembling. Open reading frames (ORFs) were annotated using the RAST Server (rast.nmpdr.org) (9) followed by manual comparative curation and determination of sequence similarity with BLAST (http://www.ncbi. nlm.nih.gov/BLAST/). Differences between nucleotide or amino acid sequences were calculated as p-distances with MEGA6 (http://www.megasoftware.net/) (10) and expressed as percentages. The sequencing of pKp1130 resulted in 14 contigs, giving a total length of 187,745 nucleotides, which is in agreement with the size estimated by the S1 nuclease assay. A BLAST analysis showed that the best hits (lowest BLAST E values) for the 14 contigs corresponded to sequences of enterobacterial plasmids (data not shown). Nine out of 14 contigs (total length of 154,020 nucleotides) shared 99.8% identity (query cover of 92%) with the plasmid p1 (199,497 bp) of K. pneumoniae NY9 (GenBank accession number CP015386) (see Fig. S1 in the supplemental material). The analysis of the longest contig of pKp1130 (56,313 nucleotides; Contig_5 in Fig. S1 ) revealed the presence of a 645-bp ORF that showed the highest identity with the qnrB family (average of 75% identity with all of the qnrB alleles previously described and a range of 73.2% [qnrB31 and qnrB53] to 76.4% [qnrB42]) (see Fig. S2A in the supplemental material). This ORF showed 34 nucleotide changes in positions fully conserved among all of the qnrB alleles (Fig. S2B) . The protein inferred from this ORF differed from all of the previously known QnrB proteins by an average of 15.8% (34 amino acids), with a range of 14.0% (QnrB1, QnrB17, QnrB66, and QnrB75; 30 amino acids) to 17.8% (QnrB73; 38 amino acids) (Fig. 1A) . In addition, the sequence of this putative new protein displayed the typical pentapeptide repeat structure of the Qnr proteins and contained the loops A and B, which have proven to be essential for quinoloneprotective activity (11) (12) (13) (Fig. 1B) . Interestingly, an amino acid change was observed in each loop of the putative new Qnr protein regarding all of the previously described QnrB proteins: K52Q and S113C (QnrB amino acid numbering) for loops A and B, respectively. Only two reports analyzed the effect on quinolone susceptibility driven by substitutions in these positions of QnrB1: the CIP MIC was reduced 16 times in the presence of S113D or S113A (11, 13) while no effect was observed for K52A (13) .
These results indicated that the ORF found in pKp1130 may correspond to a new qnr gene, named qnrE1, which is in agreement with the public database repository of qnr sequences (http://www.lahey.org/qnrStudies) (G. A. Jacoby, personal communication). a Transconjugant selection was done with sodium azide (100 g/ml) plus CIP (0.12 g/ml). b This is a qnrE1-harboring transformant selected with ampicillin (50 g/ml). c This is a qnrE1-negative transformant selected with ampicillin (50 g/ml).
The genetic context analysis of qnrE1 showed that the insertion sequence ISEcp1 was located 22 bp upstream of this gene while araJ, which encoded a transporter of the major facilitator superfamily, was located 121 bp downstream (see Fig. S3 in the supplemental material). Given that no putative promoter sequences were found in the 
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Antimicrobial Agents and Chemotherapy short stretch that separated the inverted repeat right (IRR) of ISEcp1 from qnrE1, it is very likely that the strong promoter located downstream of the transposase gene of ISEcp1 can drive the expression of qnrE1 (14) . qnrE1 was completely amplified from K. pneumoniae Q1130 by PCR (see primers in Table S1 ). The sequence of the obtained amplicon (965 bp), based on MiSeq sequencing, was confirmed by direct Sanger sequencing (5) . By using the CloneJet PCR cloning kit (Thermo Scientific/Thermo Fisher Scientific, Waltham, MA), this amplicon and an unspecific DNA fragment (976 bp), provided as a control in the cloning kit, were cloned into the vector pJET1.2/blunt, rendering plasmids pJET1.2-1130 and pJET1.2-C, respectively (Fig. S3) . Both plasmids were introduced in E. coli TOP10 (Invitrogen/Thermo Fisher Scientific) by electroporation. The identity of the cloned fragment from K. pneumoniae Q1130 was also corroborated by Sanger sequencing (5). The MICs of NAL, FIG 2 Phylogenetic relationships among qnr genes. The ML tree was generated from an alignment of qnrE1 and all of the qnr genes currently known (accession numbers are indicated in Table S2 in the supplemental material). For simplicity, the taxon names of qnr alleles are excluded (see Table S3 in the supplemental material) and only the bootstrap percentages (over 1,000 replicates) for relevant nodes are shown. The clustering of the alleles for each qnr family is indicated with square brackets at the right. The branch lengths were drawn to the scale shown, which indicates the number of substitutions/site. Fig. S1 in the supplemental material) is depicted. In pKp145-11b, qnrE1 was named as qnrB88 according to GenBank report KX118608. The ENTqnr-containing chromosomal regions of E. cloacae MBRL1077, E. cloacae colR/S, E. asburiae CAV1043, E. asburiae ENIPBJ-CG1, and E. asburiae L1 (GenBank accession numbers CP014280, CP010512, CP011591, CP014993, and CP007546, respectively) are represented altogether and indicated as "Enterobacter spp." (the identity among them is shown below this name); ppk and ahp encode polyphosphate kinase and alkyl hydroperoxidase, respectively. Genes CIP, and LVX of E. coli TOP10(pJET1.2-1130) were 8, 64, and 32 times higher, respectively, than those of the qnrE1-negative isogenic strain E. coli TOP10(pJET1.2-C) ( Table  1 ). The levels of resistance conferred by qnrE1 agree well with those observed for other qnr genes (2). These results strongly suggest that the substitutions K52Q and S113C found in loops A and B of QnrE1 do not impair its quinolone-protective activity. qnrE1 is a member of a new qnr family. According to the current nomenclature for qnr genes, qnrE1 should be considered to belong to the qnrB family because the genetic differences with the qnrB alleles were lower than 30%, the cutoff proposed for differentiating qnr families (15) . However, the previously known qnrB alleles differed in sequence by an average of 8.6% (range, 0.2% to 19.8%) while qnrE1 differed from the former by an average of 25.0% (range, 23.6% to 26.8%). In addition, the forward and reverse primers previously used for the screening of qnrB genes (5) showed a large proportion of nucleotide mismatches (8/19 and 7/22, respectively) regarding the qnrE1 sequence. This fact can explain the lack of amplification observed for K. pneumoniae Q1130 in the PCR for qnrB genes (5). Similarly, we found relevant proportions of mismatches when the sequences of other primers used for qnrB screening in several surveys on PMQR genes (16) (17) (18) , including degenerate primers (19) , were compared with qnrE1.
Therefore, to further analyze the relationship between qnrE1 and the qnrB alleles, we performed phylogenetic reconstructions using two different methods, neighbor-joining (NJ) and maximum likelihood (ML). Phylogenetic trees for DNA or amino acid sequences were constructed with MEGA6 using the general time reversible model, with gamma distribution of the substitution rate heterogeneity over sites (G) and a proportion of invariant sites, or the Jones-Taylor-Thornton model, with G, as the DNA and amino acid substitution models, respectively, that best fitted the data. The reliability of the tree topology was assessed by bootstrapping (20) using 1,000 replicates.
The topologies of the inferred NJ and ML trees for DNA sequences were very similar, and both showed, with high percentages of bootstrap support, that qnrE1 was separated by the same evolutionary distance (0.4 nucleotide substitutions per site) from a cluster that comprised all of the qnrB alleles previously described ( Fig. 2 ; see also Fig.  S4 in the supplemental material) . The analysis of the NJ and ML trees for amino acid sequences showed equivalent results, with the exception that, as expected, a lower distance (0.2 amino acid substitutions per site in both trees) was observed between QnrE1 and the cluster that comprised all of the QnrB proteins previously described (data not shown).
Source and mobilization of qnrE1. To see if there were sequences in the public databases more closely related to qnrE1 than the qnrB alleles, we performed a BLAST search using the complete qnrE1 sequence as the query. Six genes showing more than 90% identity were found.
First, the same qnrE1 gene (named qnrB88 in the GenBank report) was described in the plasmid pKp145-11b of a K. pneumoniae isolate from Brazil (GenBank accession number KX118608), which indicates that the distribution of this gene is not limited to Argentina. Second, 5 fluoroquinolone resistance genes (named here as ENTqnr; 96.4% to 92.6% identity with qnrE1) were found in the chromosomes of Enterobacter cloacae MBRL1077, E. cloacae colR/S (21), Enterobacter asburiae CAV1043, E. asburiae ENIPBJ-CG1 (22) , and E. asburiae L1 (GenBank accession numbers CP014280, CP010512, CP011591, CP014993, and CP007546, respectively). The 100% identity between pKp1130 and pKp145-11b extended beyond qnrE1 along a 3,951-bp fragment from ISEcp1 to a truncated alkyl hydroperoxidase-encoding gene (Δahp; Fig. 3A and C) . The sequence identity in the vicinities of the ahp interruption point found in pKp1130 was confirmed by PCR and Sanger sequencing (5) using the primers araJ-F and R2 (Table S1 ) and both K. pneumoniae Q1130 and its transconjugant. To gain insights into the possible source of qnrE1 and its occurrence in the plasmids of K. pneumoniae pKp1130 and pKp145-11b, the genetic surroundings of this gene were compared with those of the 5 ENTqnr genes. Both the upstream (excluding ISEcp1) and the downstream regions of qnrE1 showed high identity to those of ENTqnr (Fig. 3A and C) , with E. cloacae MBRL1077 showing maximal identities (93.1% and 94.9%, respectively). The results of these comparisons were also consistent with the notion that ISEcp1 was responsible for the mobilization of qnrE1 from the Enterobacter spp. chromosome to pKp1130 and pKp145-11b, truncating the ahp gene. Indeed, we found possible alternative IRRs (23, 24) at the 5= edges of Δahp in pKp1130 and pKp145-11b, and a 5-bp duplication of the target site, which flanked ISEcp1-qnrE1-araJ-Δahp in pKp145-11b (Fig. 3C) . The qnrE1 acquisitions in pKp1130 and pKp145-11b should have occurred through different ISEcp1 insertions in the chromosome of Enterobacter spp. because the region mobilized to pKp1130 begins 152 bp closer to and ends 111 bp farther from qnrE1 than the region mobilized to pKp145-11b ( Fig. 3A and C) .
The chromosome of Citrobacter spp. has been proposed as the source of qnrB alleles (25, 26) . Moreover, the genetic platforms of all of the chromosomal qnrB alleles of Citrobacter spp. available in public databases have been deeply analyzed and classified into eight groups (GP1 to GP8), which are strongly associated with seven phylogenetic groups of qnrB alleles (26) . By comparative analyses, we found that the genetic surroundings of the chromosomal qnrB alleles of Citrobacter spp. were quite different from those of qnrE1 or the ENTqnr genes, in both gene content and similarity of intergenic regions (Fig. 3A and C) . Interestingly, as observed for the qnrB alleles and qnrD1 (26) (27) (28) (29) , a LexA binding site was found a few nucleotides upstream of both qnrE1 and ENTqnr genes, although, in pKp1130, it was truncated at its 5= end by the ISEcp1 insertion (Fig. 3B) .
The fact that the source of qnrE1 is different from that of the qnrB alleles is in agreement with the results of the phylogenetic analysis, further supporting the notion that qnrE1 belongs to a new qnr family.
Conclusions. The new plasmid-located qnrE1 gene described here is undetectable by the PCR detection assays commonly used for the six qnr families currently known. This fact is highly relevant from the point of view of both the epidemiology of PMQR mechanisms and its detection in the clinical setting. Unlike the qnrB alleles, our results strongly suggest that the origin of qnrE1 is the chromosome of Enterobacter spp. and that this gene would have been mobilized from there to plasmids of K. pneumoniae by ISEcp1. These notions may imply that a new source of qnr genes is supplying the reservoir of plasmid-located qnr genes in clinical settings. Accession number(s). The qnrE1 sequence depicted in Fig. 3 has been assigned GenBank accession number KY073238.
